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© A thin-film transistor panel comprises an insula- 
tive substrate (11), a plurality of thin-film transistor 
elements (10) arranged at predetermined intervals 
on said substrate, and wirings (DL, GL) electrically 
connecting the thin-film transistor elements char- 
acterized in that the thin-film transistor element com- 
prises a gate electrode (12G), a gate-insulating film 
(13), an i-type semiconductor layer to face the gate 
electrode through the gate insulating film there- 
between, an n-type semiconductor layer, a source 
and drain electrodes (16S, 16D) electrically con- 
nected the portions of the i-type semiconductor layer 
through the n-type semiconductor layer, and an an- 
odically oxidized film (15a) located between the 
source and drain electrodes to electrically isolate, 
said source and drain electrodes. 
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The present invention relates to a thin-film tran- 
sistor panel for use in an active matrix liquid-crystal 
display. 

Generally, a thin-film transistor panel (herein 
after referred to as "TFT panel") designed for use 
in an active matrix liquid-crystal display, has a 
specific structure which will be described with ref- 
erence to Figs. 10 to 13 

Fig. 10 is a plan view showing a part of the 
TFT panel, and Figs. 11, 12 and 13 are enlarged, 
cross-sectional views of the TFT panel, taken along 
lines XI-XI, XII-XM and XIII-XIII in Fig. 10, respec- 
tively. 

The conventional TFT panel comprises a trans- 
parent substrate 1 made of glass or the like, a 
number of pixel electrodes 8a formed on the sub- 
strate 1, a number of thin-film transistors (TFTs) 0 
functioning as active elements, a gate line GL 
connected to the gate electrodes 2G of the thin-film 
transistors 0, and a drain line (i.e., data line) DL 
connected to the drain electrodes 6D of the thin- 
film transistors 0. 

The thin-film transistors 0 have a structure gen- 
erally known as "inverse stagger structure." As is 
shown in Figs. 10 and 11, each thin-film transistor 
comprises a gate electrode 2G formed on the 
substrate 1, a gate-insulating film 3 covering the 
gate electrode 2G, an i-type semiconductor layer 4 
formed on the gate-insulating film 3 and opposing 
the gate electrode 2G, an n-type semiconductor 
layer 5 formed on the i-type semiconductor layer 4, 
a source electrode 6S formed on one end portion 
of the n-type semiconductor layer 5, a drain elec- 
trode 6D formed on the other end portion of the n- 
type semiconductor layer 5. The channel region 
(i.e., the portion extending between the electrodes 
6S and 6D) of the i-type semiconductor layer 4 has 
been removed, forming two i-type semiconductor 
layers. 

The gate electrode 2G is integral with the gate 
line GL formed on the substrate 1. The gate line 
GL and the gate electrode 2G are made of metal 
such as Al, an Al alloy, Cr, or Ta. The gate- 
insulating film 3 is made of SiN (silicon nitride) or 
the like. The i-type semiconductor layer 4 is made 
of a-Si (amorphous silicon), and the n-type semi- 
conductor layer 5 is made of a-Si doped with an n- 
type impurity. 

A blocking layer made of SiN or the like is 
formed on the channel region of the i-type semi- 
conductor layer 4. The blocking insulation layer 7 
is provided to prevent the channel region of the i- 
type semiconductor layer 4 from being when the 
corresponding region of the n-type semiconductor 
layer 5 formed on the layer 4 is etched. 

The gate-insulating film 3 of each thin-film tran- 
sistor 0 is formed on the substrate 1, covering the 
gate line GL. The pixel electrode 8a and the drain 



lien DL are formed on the gate-insulating 
(transparent) film 3. 

The drain line DL is integral with the drain 
electrode 6D of each thing-film transistor 0. The 
5 drain line DL, the drain electrode 6D, and the 
source electrode 6S are made of metal such as Al, 
an Al alloy, Cr, or Ta. 

The pixel electrode 6a is formed of a transpar- 
ent conductive film of ITO or the like. This elec- 
io trode 8a has one terminal portion located on the 
source electrode 65 and, hence, is electrically con- 
nected to the source electrode 6S. 

Thin-film transistor 0 and the drain line DL on 
the gate-insulating film 3 are covered with a protec- 
ts tive insulation film 9 which is made of SiN or the 
like. The film 9 is formed on the entire surface of 
the substrate 1, except for the pixel electrode 8a. 
The terminal portion DLa of the drain line DL is 
exposed by removing that portion of the film 9 
20 which is located above the portion DLa, as is 
shown in Figs. 10 and 12. The terminal portion GLa 
of the gate line GL is exposed by removing that 
portion of the gate-insulating film 3 which is located 
on the terminal protion GLa and also that portion of 
25 the protective insulation film 9 which us located 
above the terminal portion GLa, as is shown in 
Figs. 10 and 13. 

The conventional TFT panel is manufactred by 
the following method. 

30 

[Step 1] 

First, a gate-forming metal film is formed on 
the substrate 1. This metal film is patterned by 
35 photolithography, thereby forming the gate lines GL 
and the gate electrode 2G. 

[Step 2] 

40 The gate-insulating film 3 is formed on the 

substrate 1, covering the gate lines GL and the 
gate electrode 2G. Further, the i-type semiconduc- 
tor layer 4 is formed on the gate-insulating film 3, 
and the blocking layer 7 is formed on the i-type 

45 semiconductor layer 4. 

[Step 3] 

Next, the blocking layer 7 is patterned by pho- 
50 tolithography, forming blocking layers covering only 
the channel region of the i-type semiconductor 
layers 4. 

[Step 4] 

55 

The n-type semiconductor layer 5 is formed, 
covering the entire surface of the unfinished prod- 
uct. Further, a metal layer is formed on the n-type 
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semiconductor layer 5. 
[Step 5] 

The metal film and the n-type semiconductor 
layer 5 are patterned by means of photolithog- 
raphy, forming the source electrodes 6S, the drain 
electrodes 6D and the drain lines DL. At the same 
time, the i-type semiconductor layer 4 is patterned, 
forming i-type semiconductor layers which define 
transistor regions. 

Since the channel region of the n-type semi- 
conductor layer 5 is located on the blocking layer 
7, which in turn is located above the i-type semi- 
condcutor layer 4, the i-type semiconductor laeyr 4 
is not etched or damaged when the channel region 
of the n-type semiconductor layer 5 is removed by 
etching. The i-type semiconductor layer 4 remains 
not only in the transistor region, but also beneath 
the entire drain line DL 

[Step 6] 

Next, the transparent conductive film of ITO or 
the like is formed on the gate-insulating film 3, 
covering the source electrode 6S, the drain elec- 
trode 6D and the drain line DL 

[Step 7] 

The transparent conductive film is patterned by 
photolithography, thereby forming the pixel elec- 
trodes 8a. 

[Step 8] 

Thereafter, the protective insulation film 9 is 
formed. 

[Step 9] 

The protective insulation film 9 is patterned by 
photolithography, whereby its portions located on 
the pixel electrodes 8a and its portions located 
above the terminal portions DLa of the drain lines 
DL, and the terminal portion GLa of the gate line 
GL are removed. At the same time, that portion of 
hte gate-insulating film 3 which is located on the 
terminal portion GLa of the gate line GL is re- 
moved. Thus, the terminals portions DLa and GLa 
are thereby exposed. As a result, The TFT panel is 
manufactured. 

In the method of manufacturing the conven- 
tional TFT panel, as many as five resist masks 
must be formed in order to manufacture the TFT 
panel. With this method, therefore, the TFT panel 
is manufactured but with low efficiency and at high 
cost. More specifically, the five resist masks are 



formed, respectively before: 

(1) The gate metal film is patterned; 

(2) The blocking layer 7 is patterned; 

(3) The metal film 16 is patterned to form the 
5 source electrodes 6S and the drain electrodes 

6D, and the n-type semiconductor layer 15 and 
the i-type semiconductor layer 14 are patterned; 

(4) The transparent conductive fiim is patterned; 

(5) The protective conductive film 9 is patterned. 
10 Use of five resist masks leads to the necessity 

of preparing and using five exposure masks. The 
cost of preparing these exposure masks is another 
factor of increasing the manufacturing cost of the 
TFT panel. 

75 This invention can be more fully understood 

from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Figs. 1A to 1E are cross- sectional views explain- 
20 ing a method of manufacturing a thin-film tran- 
sistor panel which is a first embodiment of the 
invention; 

Fig. 2 is a plan view showing a thin-film transis- 
tor panel which is a second embodiment of the 

25 invention; 

Figs. 3A to 3F are cross-sectional views, ex- 
plaining a method of manufacturing the thin-film 
transistor panel according to the second em- 
bodiment of the invention; 

30 Fig. 4 is a plan view of the thin-film transistor 
panel according to the second embodiment of 
the present invention; 

Fig. 5 is a plan view of the thin-film transistor 
panel according to a third embodiment of the 

35 present invention; 

Figs. 6 to 8 are cross-sectional views of the thin- 
film transistor panel according to the third em- 
bodiment of the invention, taken along line VI-VI, 
VII-VII, and VIII-VIII in Fig. 5, respectively; 

40 Figs. 9A to 9H are cross-sectional views explain- 
ing a method of manufacturing the thin-film tran- 
sistor panel according to the third embodiment 
of the invention; 

Fig. 10 is a plan view, of a conventional thin-film 
4$ transistor panel; and 

Figs. 11 to 13 are cross-sectional views showing 
the conventional thin-film transistor panel, taken 
along lines Xl-Xi, Xll-XII, and XIII-XIII in Fig. 10, 
respectively. 

50 A thin-film transistor formed on one of the 
transparent substrates of an active matrix liquid- 
crystal display and designed for use as the active 
element for a pixel electrode, and an array of thin- 
film transistors of this type (i.e., a TFT array), being 

55 a first embodiment of the present invention, will be 
described with reference to Figs. 1A to 1E and Fig. 
2. 
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Figs. 1A to 1E are cross-sectional views, each 
showing the thin-film transistor element and termi- 
nal portions of drain and gate lines of a TFT panel. 
Fig. 2 is a plan view of the thin-film transistor 
element and the terminals portions of the drain and 
gate lines. 

rston 11 

As is shown in Fig. 1A, a gate metal film of Al, 
an Al alloy, Cr, Ta, or the like is formed on a 
transparent substrate 1 1 made of glass or the like. 
The gate metal film is patterned by photolithog- 
raphy, forming a gate line GL and a gate electrode 
12G as is shown in Fig. 2. In Fig. 1A, GLa is the 
terminal portion of the gate line GL 

[Step 2] 

Next, as is shown in Fig. 1A, a gate-insulating 
film 13 made of SiN or the like is formed on the 
substrate 11, covering both the gate line GL and 
the gate electrode 12G. An i-type semiconductor 
layer 14 is then formed on the gate-insulating film 

13. Further, an n-type semiconductor layer 15, 
which is made of a-Si doped with an n-type impu- 
rity, is formed on the i-type semiconductor layer 

14. Still further, a metal film 16 made of Al, an Al 
alloy, Cr, Ta, or the like is formed on the n-type 
semiconductor layer 15. The film 16 will be pro- 
cessed to form a source electrode and a drain 
electrode. 

[Step 3] 

Then, as is shown in Fig. 1B, the metal film 16, 
the n-type semiconductor layer 15, and the i-type 
semiconductor layer 14 are patterned by photo- 
lithography, each into two portions having substan- 
tially the same size and shapes as a drain line DL 
(see Fig. 2) and a transistor region. In Fig. 1B, DLa 
is the terminal portion of the drain line DL. 

[Step 4] 

As is shown in Fig. 1B, too, a transparent 
conductive film 18 made of ITO or the like is 
formed on the gate-insulating film 13, thus covering 
the the metal film 16, already patterned. 

[Step 5] 

Next, as is shown in Fig. 1C, a resist mask 23 
is formed on the the transparent conductive film 
18. Using the mask 23, the film 18 is patterned by 
means of photolithography, into three portions. 
These three portions have the substantially the 
same sizes and shapes as a source electrode 16S, 



a drain electrode 16D, and a drain line DL, respec- 
tively, which will be formed. Using the resist mask 
23 again, the metal film 16 located on the region of 
the transistor element is selectively etched, forming 
5 the source electrode 16S and the drain electrode 
16D. 

The source electrode 16S, the drain electrode 
16D, and the drain iine DL, which have been 
formed in Steps 3 to 5, consist of two layers, the 

w lower layer being a part of the metal film 18, and 
the upper layer being a part of the transparent 
conductive film 18. A portion of the n-type semi- 
conductor layer 15 remains beneath the drain line 
DL including the terminal portion DLa thereof. Also, 

is a portion of the i-type semiconductor layer 14 
remains below the drain line DL. 

In the third embodiment, the transparent con- 
ductive film 18 is patterned into portions on the 
source electrode 16S, the drain electrode 16D and 

20 the drain line DL, these portions being a little 
broader than the the electrodes 16S and 16D and 
the drain line DL. As a result of this, the film 18 
covers the electrodes 16S and 16D entirely, but the 
opposing sides thereof, and covers the drain line 

25 DL entirely. 

[Step 6] 

As is shown in Fig. 1C, using the resist mask 

30 23 once used in patterning the transparent conduc- 
tive film 18, the n-type semiconductor layer 15 is 
oxidized anodically, thereby electrically isolating 
those two parts of the layer 15 which are located 
beneath the source electrode 16S and the drain 

35 electrode 16D. A thin-film transistor element 10 is 
thereby made. 

The anodic oxidation of the n-type semicon- 
ductor layer 15 is accomplished by immersing the 
layer 15 in an electrolytic solution, opposing the 

40 layer 15, acting as anode, to a platinum electrode 
(not shown) also immersed in the electrolytic solu- 
tion and functioning as cathode, and applying a 
voltage between the layer 15 and the platinum 
electrode. That portion of the layer 1 5, which is not 

45 covered with the resist mask 23 and which contacts 
the electrolytic solution, undergoes a chemical re- 
action and is oxidized anodically. Said portion of 
the n-type semiconductor layer 15 is thereby 
changed to an insulation layer 15a. 

so The depth to which the n-type semiconductor 
layer 15 is oxidized depends, mainly on the voltage 
applied between the layer 15 and the platinum 
electrode. Hence, the selected portion of the layer 
15 is anodically oxidized entirely in its thickness 

55 direction, provided that a voltage proportional to the 
thickness of the layer 15 is applied between the n- 
type semiconductor layer 15 and the platinum elec- 
trode (not shown). This is why the two parts of the 
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layer 15, located beneath the electrodes 16S and 
16D, are electrically isolated from each other. 

An electric current can be supplied to the layeY 
15 in order to anodically oxidize said portion of the 
layer 15, through the metal film 16, the transparent 
conductive film 18 formed on the metal film 16 and 
the drain electrode 16D (i.e., a part of the metal 
film 16) : Therefore, the n-type semiconductor lay- 
ers 15 of all thin-film transistor elements which are 
arranged along the data line DL can be anodically 
oxidized uniformly. 

[Step 7) 

Next, the resist mask 23 is removed, and a 
protective insulation film 17 made of SiN or the like 
is formed on the substrate 11, thus covering all 
components formed on the substrate 11, as is 
shown in Fig. 1D. 

[Step 8] 

As is shown in Fig. 1E, the protective insulation 
film 17 is patterned by photolithography, such that 
its portion on the pixel electrode 1 8a, its portion on 
the terminal portion DLa of the drain line DL, and 
its portion on the terminal portion GLa of the gate 
line GL are removed. At the same time, that portion 
of the gate-insulating film 13 which is located on 
the terminal portion GLa of the gate line GL is 
removed by means of etching, thereby exposing 
the pixel electrode 18a, the terminal portion DLa of 
the drain line DL, and the terminal portion GLa of 
the gate line GL. Thus, a TFT panel is manufac- 
tured. 

In the method of manufacturing the TFT panel, 
described above, that portion of the n-type semi- 
conductor layer 15, which extends between the 
source electrode 16S and the drain electrode 16D, 
is oxidized anodically, becoming an insulative layer 
15a and electrically dividing the layer 15 into two 
portions. In other words, no part of the n-type 
semiconductor layer 15 is not etched away to form 
two n-type semiconductor layers. Hence, no dam- 
age is done to the i-type semiconductor layer 14, 
without forming a blocking layer on the channel 
region of the i-type semiconductor layer 14. The 
method need not have a step of forming such a 
blocking layer. 

In the method of manufacturing a TFT panel, 
described above, it suffices to form only four resist 
masks, whereas five resist masks must be formed 
in the conventional method. More specifically, the 
four resist masks are formed, respectively before: 

(1) The gate metal film is patterned; 

(2) The metal film 16, the n-type semiconductor 
layer 15, and the i-type semiconductor layer 14 
are patterned into portions having the same 



shape as the drain line DL and into portions 
having the same shape as the transistor region; 

(3) The transparent conductive film 18 is pat- 
terned, the metal film 16 is divided, and the n- 

5 type semiconductor layer 15 is partly oxidized 
anodically; 

(4) The protective insulation film 17 is patterned. 
Therefore, the TFT panel can be manufactured 

without damaging the i-type semiconductor layer 

io 14 and requiring less resist masks, thus with high 
efficiency and at low cost. 

Further, since no blocking layer needs to be 
formed on the channel region of the i-type semi- 
conductor layer 14, it is possible with the method 

/5 to manufacture TFT panels at a higher yield than is 
possible with the conventional method. 

In the conventional' method, the etching solu- 
tion applied for patterning, by photolithography, the 
blocking layer formed on the i-type semiconductor 

20 layer etching the blocking layer leaks to the gate- 
insulating film though pinholes, if any, made in the 
i-type semiconductor layer, inevitably forming pin- 
holes in the gate-insulating film. These pinholes 
result in the short-circuiting in the thin-film transis- 

25 tor or at the intersections of lines (e.g., short- 
circuiting between the gate electrode and the 
source or drain electrode, and the short-circuiting 
between the gate line and the drain line). Con- 
sequently, the net yield of TFT panels is low. 

30 By contrast, in the method according of this 

invention, no blocking layer is formed on the i-type 
semiconductor layer, and no step is performed to 
pattern such a blocking layer. It follows that the 
gate-insulating film need not be etched at all, for 

35 patterning such a blocking layer. Hence, no inter- 
layer short-circuiting occurs, whereby TFT panels 
can be manufactured at a high yield. 

In addition, the method of this invention is 
characterized in that the portion of the n-type semi- 

40 conductor layer, which extends between'the source 
and drain electrodes, is anodically oxidized, be- 
coming an insulative layer electrically dividing the 
n-type layer into two conductive layers. Therefore, 
the i-type semiconductor layer is not damaged 

45 during the manufacture of the TFT panel, and a 
step of forming a blocking layer is unnecessary. 

Since only four resist masks need to be formed 
in the method of the present invention, the TFT 
panel can manufactured with higher efficiency and, 

so hence, at lower cost, than in the conventional meth- 
od in which four resist masks must be formed to 
manufacture a TFT panel of the same type. 

A method of manufacturing a TFT panel, which 
is a second embodiment of the invention, will now 

55 be described with reference to Figs. 3A to 3F and 
Fig. 4. Figs. 3A to 3F are cross-sectional views 
explaining this method, and Fig. 4 is a plan view of 
the thin-film transistor panel made by this method. 
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[Step 1] 

As is shown in Fig. 3A, a gate line GL (Fig. 4) ' 
and a gate electrode 12G are formed on a trans- 
parent substrate 1 1 made of glass or the like. The 
gate line GL consists of a lower film 12a and an 
upper film 12b, and the gate electrode 12G also 
consists of a lower film 12a and an upper film 12b. 
Each lower film 12a is formed on the substrate 11 
and made of ITO or the like, and each upper film 
12b formed on the lower film 12a and made of Al 
or an Al alloy. The gate line Gl and the gate 
electrode 12G have been made by forming a lower 
film on the substrate 11 and an upper film on the 
lower film and then by patterning both films by 
means of photolithography. 

[Step 2] 

Next, as is seen in Fig. 3A, too, a gate-insulat- 
ing film 13 made of SiN or the like is formed on the 
substrate 11, covering the gate line GL and the 
gate electrode 12G. An i-type semiconductor layer 
14 made of a-Si is formed on the gate-insulating 
film 13. An n-type semiconductor layer 15 made of 
a-Si doped with an n-type impurity is formed on 
the i-type semiconductor layer 1 4. Further, a con- 
tact layer 19 made of Cr or the like and provided 
for a source and a drain is formed on the n-type 
semiconductor layer 15. 

[Step 3] 

As is shown in Fig. 3B, the contact layer 19, 
the n-type semiconductor layer 15, and the i-type 
semiconductor layer 14 are patterned by photo- 
lithography, thereby forming a transistor region. 

[Step 4] 

Then, as is shown in Fig. 3C, a transparent 
conductive film 18 made of ITO or the like is 
formed on the gate-insulating film 13, covering the 
patterned layers 16, 15 and 14. Further, a metal 
film 16 made of Al or an Al alloy is formed on the 
conductive film 18. The metal film 16 will be pro- 
cessed to form a source electrode and a drain 
electrode. 

[Step 5] 

As can be understood from Fig. 3D, the metal 
film 16 and the transparent conductive film 18 are 
patterned by photolithography, forming a pixel 
electrode 18a, a source electrode 16S, a drain 
electrode 16D, and a drain line DL (see Fig. 4). 
Using the resist mask 21 used in patterning the 
films 16 and 18, the contact layer 19 is etched 



partly and divided into two portions, which are 
located below the source electrode 16S and the 
drain electrode 16D, respectively. In other words, 
that portion of the contact layer 19, which is not 

s covered with the metal film 16 and the transparent 
conductive film 18, is removed by etching, thereby 
forming two portions which are substantially iden- 
tical in size and shape to the electrodes 163 and 
16D, respectively. 

w The source electrode 16S and the drain elec- 

trode 16D, which have been formed in Steps 3, 4, 
and 5, consist of three layers each, i.e., a part of 
the contact layer 19, a part of the conductive film 
18, and a part of the metal film 16. The drain line 

75 DL consists of two layers, a part of the conductive 
film 18 and a part of the metal film 16. 

[Step 6] 

20 Ne :t, as is shown in Fig. 3D, using the resist 

mask 21 used in patterning the metal film 16 and 
the conductive film 18, that portion of the n-type 
semiconductor layer 15 which extends between the 
electrodes 16S and 16D is oxidized anodically. 

25 This portion of the layer 15, which is now in- 
sulative, electrically isolates the resulting two por- 
tions of the layer 15. As a result, a thin-film transis- 
tor element 10 is formed. 

The anodic oxidation of the n-type semicon- 

30 ductor layer 15 is achieved by immersing the sub- 
strate 11 in an electrolytic solution, opposing the 
layer 15, acting as anode, to a platinum electrode 
(not shown) also immersed in the electrolytic solu- 
tion and functioning as cathode, and applying a 

35 voltage between the layer 15 and the platinum 
electrode. That portion of the layer 15, which is not 
covered with the resist mask 21 and which contacts 
the electrolytic solution, undergoes a chemical re- 
action and is oxidized anodically. This portion of 

40 the n-type semiconductor layer 15 is "thereby 
changed to an insulation layer 15a. 

The depth or thickness to which the n-type 
semiconductor layer 15 is oxidized depends, main- 
ly on the voltage applied between the layer 15 and 

45 the platinum electrode. Hence, the selected portion 
of the layer 15 is anodically oxidized in its entirely, 
provided that a voltage proportional to the thick- 
ness of the layer 15 is applied between the n-type 
semiconductor layer 15 and the platinum electrode 

50 (not shown). This is why the two parts of the layer 
15, located beneath the electrodes 16S and 16D, 
are electrically isolated from each other. 

An electric current can be supplied to the layer 
15 in order to anodically oxidize said portion of the 

55 layer 15, through the transparent conductive film 
18, the drain line DL (i.e., a part of the metal film 
16) formed on the film 18, and the contact layer 19 
for the drain electrode 16D. Therefore, not only the 
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n-type semiconductor layer 15 of the thin-film tran- 
sistor 10, but also the n-type semiconductor layers 
of other thin-film transistors (not shown), which are 
arranged along the data line DL, can be anodically 
oxidized uniformly. 

[Step 7] 

Next, the resist mask 21 is removed, and a 
protective insulation film 17 made of SiN or the like 
is formed on the substrate 11, thus covering all 
components formed on the substrate 11, as is 
shown in Fig. 3E. 

[Step 8] 

As is shown in Fig. 3E, too, the protective 
insulation film 17 is patterned by photolithography, 
such that its portion on the pixel electrode 18a % its 
portion on the terminal portion DLa of the drain line 
DL, and its portion on the terminal portion GLa of 
the gate line GL were removed. At the same time, 
that portion of the gate-insulating film 13 which is 
located on the terminal portion GLa of the gate line 
GL is removed by means of etching, thereby ex- 
posing the pixel electrode 18a, the terminal portion 
DLa of the drain line DL, and the terminal portion 
GLa of the gate line GL. 

[Step 9] 

Then, as can be understood from Fig. 3F, 
using the resist mask (not shown) once used in 
patterning the insulation films 17 and 13, that por- 
tion of the metal film 16 which is located on the 
pixel electrode 18a is removed by etching. There- 
after, the resist mask is removed, whereby a TFT 
panel is manufactured. 

In the method according to the aforementioned 
embodiment of the invention, the upper film (i.e., a 
part of the film 16) of the terminal portion DLa and 
the upper film 12b (made of Al or an AI alloy) of 
the terminal portion GLa, both already exposed by 
patterning the insulation films 17 and 13, are 
etched when that portion of the metal film 16 which 
is formed on the pixel electrode 18a is etched. 
Nonetheless, the lower film 18 of the terminal por- 
tion DLa and the lower film 12a of the terminal 
portion GLa, both made of ITO or the like, are 
hardly etched since they are much harder to etch 
than the upper films of the terminal portions DLa 
and GLa. The lower films 18 and 12a therefore 
remain intact, and function as the terminal portions 
DLa and GLa, respectively. 

In the this embodiment, the portion of the n- 
type semiconductor layer 15, which extends be- 
tween the source and drain electrodes 16S and 
16D, is anodically oxidized, becoming an insulative 



layer. This insulative layer electrically divides the 
n-type layer 15 into two conductive layers. Since 
no part of the n-type semiconductor layer 15 is not 
removed by etching as in the prior-art method, the 

5 i-type semiconductor layer 14 is not damaged dur- 
ing the manufacture of the TFT panel even if a 
blocking layer is not formed on the channel region 
of the iayer i 4. Hence, a step of forming a blocking 
layer is not necessary in this method, either. 

10 Further, only four resist films need to be 

formed in the method according to the fourth em- 
bodiment of the invention, whereas five resist 
masks must be formed in the conventional method. 
More specifically, the four resist masks are formed, 

;5 respectively before: 

(1) The gate metal film 12 is patterned to form 
the upper and lower layers 12a and 12b; 

(2) The contact layer 19, the n-type semicon- 
ductor layer 15, and the i-type semiconductor 

20 layer 14 are patterned to form the transistor 
region; 

(3) The metal film 16 and the transparent con- 
ductive film 19 are patterned, the contact layer 
19 is etched partly and divided into two portions, 

25 and the selected portion of the n-type semicon- 
ductor layer 15 is oxidized anodically; 

(4) The protective insulation film 17 is patterned, 
that portion of the gate-insulating film 13 which 
is located on the terminal portion GLa of the 

30 gate line GL is removed, and that portion of the 
metal film 16 which is located on the pixel 
electrode 18a. 

Therefore, the TFT panel can be manufactured 
by this method with higher efficiency and, thus, at 

35 lower cost, than is possible with the conventional 
method. Further, since no blocking layer needs to 
be formed on the channel region of the i-type 
semiconductor layer 14, TFT panels can be manu- 
factured by the method at a higher yield than is 

40 possible with the prior-art method. 

As has been described, the gate line GL and 
the gate electrode 12G are of two-layered structure 
in this embodiment, each comprised of a lower film 
12a made of ITO or the like and an upper film 12b 

45 made of Al or an Al alloy. Instead, the lower film 
12a may be made of Al or an Al alloy, and the 
upper film 12b may be made of ITO or the like, so 
that the terminal portion GLa of the gate line GL 
can remain in the form of a two-layered film. 

50 Moreover, the gate line GL and the gate elec- 
trode 12G can be formed of only one metal film 
each. In the case where the line GL and the elec- 
trode 12G consist of a single metal film each, the 
terminal portion GLa of the gate line GL will not be 

55 etched away when the metal film 16 is partly 
removed to form the electrodes 16S and 16D, 
provided that said metal film is harder to etch than 
the metal film 16 or is anodically all over its sur- 
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face. 

A method of manufacturing a TFT panel, which 
is a third embodiment of the invention, will now be 
described with reference to Figs. 5 to 8 and Figs. 
9A to 9H. 

The TFT panel manufactured by this method 
will be described first, with reference to Figs. 5 to 
8. Fig. 5 is a plan view of the pane!, and Figs. 6 to 
8 are enlarged, cross- sectional views of the panel, 
taken along line XI-XI, line VII-VII and line VIII-VIII 
in Fig. 5, respectively. 

This TFT panel comprises a transparent sub- 
strate 11 made of glass or the like, a pixel elec- 
trode 18a formed on the substrate 11, and a thin- 
film transistor (TFT) element 10 formed on the 
substrate 11 and functioning as an active element 
for the electrode 1 8a. 

As is clearly seen from Figs. 5 and 6, the thin- 
film transistor element 10 comprises a gate elec- 
trode 12G formed on the substrate 11, a gate- 
insulating film 13 covering the gate electrode 12G, 
an i-type semiconductor layer 14 formed on a 
portion of the gate-insulating film 13, an n-type 
semiconductor layer 15 formed on the i-type semi- 
conductor layer 14, a contact layer 19 formed on 
the n-type semiconductor layer 15, a source elec- 
trode 16S formed on the contact layer 19, and a 
drain electrode 16D formed on the contact layer 
19. 

The i-type semiconductor layer 14 is made of 
a-Si, the n-type semiconductor layer 15 is made of 
a-Si doped with an n-type impurity, and the contact 
layer 19 is formed of metal such as Cr. 

The gate electrode 12G is integral with a gate 
line GL formed on the substrate 11. The gate- 
insulating film 13 covers both the gate electrode 
12G and the gate line GL, and is formed on almost 
the entire surface of the substrate 11. The film 13 
is made of SiN or the like. Formed on the gate- 
insulating film 13 is a data line DL which is con- 
nected to the drain electrode 16D. The gate elec- 
trode 12G and the gate line GL are formed of a 
gate metal film 12 which is made of aluminum or 
an aluminum alloy. The source electrode 16S, the 
drain electrode 16D, and the data line DL are 
formed of a drain metal film 16 which is made of 
aluminum or an aluminum alloy. 

The pixel electrode 18a is formed on the gate- 
insulating film (i.e., a transparent film) 13. The 
electrode 18a is formed of a transparent conductive 
film 18 made of ITO or the like. It has an end 
portion formed interposed between the source con- 
tact layer 19 and source electrode 16S of the thin- 
film transistor element 10 and, hence, connected to 
the the source electrode 16S. That end portion of 
the pixel electrode 18a has an area smaller than 
that of the source electrode 16S. The source elec- 
trode 16S has a portion which does not contact the 



end portion of the pixel electrode 18a and which 
directly contacts the n-type semiconductor layer 
15. 

A conductive layer 18b made of the same 

5 transparent material (i.e., ITO or the like) as the 
pixel electrode 18a is interposed between the drain 
electrode 16D of the thin-film transistor element 10 
and the contact iayer iy iocated below the drain 
electrode 16D. Those portions of the contact layer 

w 19, which are located below the source and drain 
electrodes 16S and 16D of the transistor element 
10, respectively, are identical in shape to the termi- 
nal portion of the electrode 18a and the conductive 
layer 18b, respectively. The conductive layer 18b 

75 and that portion of the contact layer 19, located 
below the drain electrode 16D, have an area each, 
which is smaller than that of the drain electrode 
16D, and is covered with the drain electrode 16D. 
That portion of the drain electrode 16D, which does 

20 not cover the conductive layer 18b, contacts the n- 
type semiconductor layer 15 directly. 

The n-type semiconductor layer 15 of the thin- 
film transistor element 10 is formed on the entire 
surface of the i-type semiconductor layer 14. That 

25 portion of the layer 15, which extends between the 
source electrode 16S and the drain electrode 16D, 
has been anodically oxidized in its entirety and, 
hence, is an insulative layer 15a. 

The TFT panel of this embodiment has a pro- 

ao tective insulation film 17 which is a top layer, is 
transparent and made of SiN or the like. As is 
shown in Figs. 5 and 7, the film 17 has an opening 
17b. Though this opening 17b, the terminal portion 
DLa of the data line DL is exposed. 

35 As is shown in Figs. 5 and 8, the terminal 

portion GLa of the gate line GL consists of two 
layers. The lower layer is a part of the gate metal 
film 12, and the upper film is a part of the metal 
film 16. The metal film 16 is laid on the lower film 

40 (i.e., a part of the gate metal film 12), filling up the 
opening 13a made in the gate-insulating film 13. 
The terminal portion GLa is exposed through the 
opening 17b made in the protective insulation film 
17. 

45 The TFT panel, which is the fifth embodiment 

of the invention, is characterized in that the portion 
of the n-type semiconductor layer 15, which ex- 
tends between the source electrode 16S and the 
drain electrode 16D, is anodically oxidized, forming 

so the insulative layer 15a which divides the layer 15 
into two parts electrically isolated from each other 
and provided for the source and drain of the thin- 
film transistor 10. respectively. Therefore, this TFT 
panel have the same advantages as the TFT pan- 

55 els according to the first to fourth embodiments. 

As has been indicated above, the pixel elec- 
trode 18a is interposed between the source elec- 
trode 16S and that portion of the contact layer 19 
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located below the source electrode 16S, and the 
conductive layer 18b is interposed between the 
drain electrode 16D of the thin-film transistor 10 
and the contact layer 19 located below the drain 
electrode 16D. Both the electrode 18a and the 
conductive layer 18b are made of the same trans- 
parent material. Fgrther, those portions of the con- 
tact layer 19, which are located below the source 
and drain electrodes 16S and 16D of the transistor 
10, respectively, are identical in shape to the termi- 
nal portion of the electrode 18a and the conductive 
layer 18b, respectively. Therefore, the pixel elec- 
trode 18a and the contact layer 19 can be pat- 
terned in one and the same step. 

It will now be explained how the TFT panel 
according to the third embodiment of the invention 
is manufactured, with reference to Figs. 9A to 9H 
which are cross-sectional views of the TFT panel. 

[Step 1] 

First, as is shown in Fig. 9A, the gate electrode 
12G and the gate line GL (see Fig. 5) are formed 
on the substrate 1 1 made of glass or the like. The 
electrode 12G and the gate line GL are formed by 
depositing the gate metal film 12 on the substrate 
11 and patterning the film 12 by means of pho- 
tolithography. The metal film 12 shown at the 
upper-right corner of Fig. 9A is a part of the metal 
film 12 which is the lower film of the terminal 
portion GLa of the gate line GL. 

[Step 2] 

As is shown in Fig. 9A, too, the gate-insulating 
film 13 is formed on the substrate 11, covering the 
gate electrode 12G and the gate line GL. The i- 
type semiconductor layer 14 is formed on the gate 
insulating film 13. The n-type semiconductor layer 
15 is formed on the i-type semiconductor layer 14. 
The contact layer 19 is formed on the n-type 
semiconductor layer. 

[Step 3] 

Next, as is shown in Fig. 9B, the contact layer 
19, the n-type semiconductor layer 15, and the i- 
type semiconductor layer 14 are patterned by pho- 
tolithography, whereby these layers 19, 15, and 14 
come to have the shape and size identical to a 
transistor region to be formed. 

[Step 4] 

As is shown in Fig. 9C, the transparent conduc- 
tive film 18 made of (TO or the like is formed on 
the substrate 11 an the gate-insulating film 13, 
covering the layers 14, 15, and 19 which have 



been patterned. 
[Step 5] 

5 As is shown in Fig. 9D, the transparent conduc- 

tive film 18 is patterned by photolithography, there- 
by forming the pixel electrode 18a having a termi- 
nal portion located at the position where the source 
electrode 16S will be formed, and also forming the 

w conductive layer 18b located at the position where 
the drain electrode 16D will be formed. Further, the 
contact layer 19 is patterned, into two contact lay- 
ers which have the same shape and size as the 
pixel electrode 18a and the conductive layer 18b, 

is respectively. The terminal portion of the pixel elec- 
trode 18a and the contact layer located in the 
source region have an area smaller than the 
source-electrode region. The conductive layer 18b 
and the contact layer located in the drain region 

20 are located fully within the drain-electrode region 
and have an area smaller than the drain-electrode 
region. 

[Step 6] 

25 

As can be seen from Fig. 9D, too, an opening 
13a is made in the gate-insulating film 13 by 
means of photolithography, thereby exposing the 
terminal portion GLa of the gate line GL (i.e., a part 
30 of the gate metal film 12). 

[Step 7] 

Next, as is shown in Fig. 9E, the metal film 16, 
35 which will be patterned to form the source elec- 
trode 16S and the drain electrode 16D, is formed 
on the gate-insulating film 13, covering the pat- 
terned transparent conductive film 18 and the like, 
and also filling the opening 13a made in the gate- 
40 insulating film 13. 

[Step 8] 

As is shown in Fig. 9F, the metal film 16 is 
45 patterned by photolithography, forming the source 
electrode 16S, the drain electrode 160, the data 
line DL (see Fig. 15), and the upper film of the 
terminal portion GLa of the gate line GL. Both the 
source electrode 16S and the drain electrode 16D 
50 are large enough to cover the terminal portion of 
the pixel electrode 18a and the conductive layer 
18b, respectively. In Fig. 17F, the terminal portion 
DLa of the data line DL is formed of the metal film 
16 only. 

55 
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[Step 9] 

Then, as is shown in Fig. 9F, using the resist " 
mask 23 which has been used in patterning the 
metal film 16, that portion of the n-type semicon- 
ductor layer 15, which extends between the source 
electrode 16S and the drain electrode 16S, is an- 
odically oxidized in its entirety, forming the in- 
sulative layer 15a. This layer 15a divides the layer 
15 into two parts electrically isolated from each 
other, whereby the thin-film transistor element 10 is 
made. The anodic oxidation of said portion of the 
layer 15 is performed in the same way as in any 
embodiments described above. 

An electric current can be supplied to the layer 
15 in order to achieve the anodic oxidation, through 
the data line DL and the drain electrode 16D. 
Therefore, the n-type semiconductor layers of all 
thin-film transistors (not shown) that are arranged 
along the data line DL, can be anodically oxidized 
uniformly. Since a resist mask 22 does not cover 
neither the sides of the drain electrode 16D nor the 
sides of the data line DL, the sides of both the 
electrode 16D and those of the data line DL are 
oxidized anodically. (The resultant oxide layers are 
not shown.) Nonetheless, the center portion of the 
electrode 16D or the center portion of the data line 
DL is not oxidized at all. 

If the conductive layer 18b located beneath the 
drain electrode fourth 16D extends outwards from 
the drain electrode 16D and, thus, had an exposed 
portion, an electric current would flow between this 
exposed portion of the layer 18b and the platinum 
electrode during the anodic oxidation. (The current 
would continuously flow between the exposed por- 
tion of the layer 18b and the platinum electrode 
since the layer 18b is made of an oxide, i.e., ITO or 
the like.) Consequently, virtually no current would 
flow to the n-type semiconductor layer 15 and 
could not be anodically oxidized. In this embodi- 
ment, since the drain electrode 16D is large, cover- 
ing up the conductive layer 18b, an electric current 
flows between the n-type semiconductor layer 15 
and the platinum electrode, whereby that portion of 
the layer 15 which extends between the electrodes 
16S and 16D is oxidized anodically. 

[Step 10] 

Then, the resist mask 22 is removed, and the 
protective insulation film 17 is formed as is shown 
in Fig. 9G. 

[Step 11] 

As is shown in Fig. 9H, the protective film 17 is 
patterned by photolithography, forming openings 
17a and 17b in the film 17, thereby exposing the 



terminal portion DLa of the data line DL an the 
terminal portion GLa of the gate line GL, respec- 
tively. The TFT panel is thereby manufactured. 
In the method according to the fifth embodi- 

s ment of the invention, the contact layer 19 is pat- 
terned into two parts identical in shape and size to 
the terminal portion of the pixel electrode 18a and 
the conductive layer 18b, respectively, in order to 
pattern the transparent conductive film 18 thereby 

w to form the pixel electrode 18a and the conductive 
layer 18b on those portions of the metal film 16 
which will be the source electrode 16S and the 
drain electrode 16D, respectively. Also, the n-type 
semiconductor layer 15 is anodically oxidized by 

75 the use of the resist mask 22 once used in pattern- 
ing the metal film 16, whereby that portion of the 
layer 15 between the electrodes 16S and 16D 
becomes the insulation layer 15a. Hence, it suffices 
to form less resist masks than is required in the 

20 conventional method of manufacturing TFT panels 
of the same type. More specifically, six resist 
masks are formed, respectively before: 

(1) The gate metal film 12 is patterned; 

(2) The contact layer 19, the n-type semicon- 
25 ductor layer 15, and the i-type semiconductor 

layer 14 are patterned to form the transistor 
region; 

(3) The transparent conductive film 18 and the 
contact layer 19 beneath the film 18 are pat- 

30 terned; 

(4) The opening 13a is formed in the gate- 
insulating film 13; 

(5) The metal film 16 is patterned, and the n- 
type semiconductor layer 15 is anodically ox- 

35 idized partly; 

(6) The openings 17b and 17c are formed in the 
protective insulation film 17. 

Therefore, the TFT panel can be manufactured 
by this method with higher efficiency and, thus, at 
40 lower cost, than is possible with the conventional 
method. 

As has been described, the terminal portion 
GLa of the gate line GL is of two-layered structure 
comprised of a lower film formed of a part of the 

45 gate metal film 12 and an upper film formed of a 
part of the metal film 16. Instead, the terminal 
portion GLa may be comprised of a part of the 
gate metal film 12 only. If the portion GLa is made 
so, the opening 13a can be formed at the same 

so time the openings 17b and 17a are formed in the 
protective insulation film 17. In this case, Step 6 
need not be carried out, whereby the number of 
resist masks required is reduced by one. 

In the third embodiment of the invention, that 

55 portion of the n-type semiconductor layer 1 5, which 
extends between the source electrode 16S and the 
drain electrode 16D, is oxidized in an electrolytic 
solution bath. Instead, this portion of the layer 15 

10 
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can be oxidized by plasma oxidation which is per- 
formed in a gas atmosphere. 

Claims 

1. A thin-film transistor panel comprising an in- 
sulative substrate (11), a plurality of thin-film 
transistor elements (10) arranged at predeter- 
mined intervals on said substrate, and means 
(DL, GL) electrically connecting said thin-film 
transistor elements, characterized in that each 
of said thin-film transistor elements comprises: 

a gate electrode (12G); 

a gate-insulating film (13); 

an i-type semiconductor layer (14) to face 
the gate electrode through the gate insulating 
film therebetween; 

an n-type semiconductor layer (15); 

a source and drain electrodes (16S, 16D) 
electrically connected the portions of the i-type 
semiconductor layer through the n-type semi- 
conductor layer; and 

an anodically oxidized film (15a) located 
between the source and drain electrodes to 
electrically isolate, said source and drain elec- 
trodes. 

2. The thin-film transistor panel according to 
claim 1 , characterized by further comprising a 
contact layer (19) located between said source 
electrode and said drain electrode and elec- 
trically connecting said source electrode and 
said drain electrode, and transparent conduc- 
tive films (18) which are formed on said source 
electrode and said drain electrode, respective- 
ly, and which are to be processed to form pixel 
electrodes. 

3. The thin-film transistor panel according to 
claim 1 , characterized by further comprising a 
pair of contact layers (19) formed on said n- 
type semiconductor layer and spaced apart 
from each other, and transparent conductive 
films (18) which are to be processed to form 
pixel electrodes and which are interposed be- 
tween one of said contact layer and said 
source electrode and between the other of said 
contact layers and said drain electrode, re- 
spectively, and electrically connecting said 
contact layers to said source electrode and 
said drain electrode, respectively. 

4. The thin-film transistor panel according to 
claim 3, characterized in that said drain elec- 
trode, contact layer and transparent conductive 
film which are formed under the drain elec- 
trode have substantially same shapes. 



5. A method of manufacturing a thin-film transis- 
tor panel, characterized by comprising the 
steps: 

a first step of forming on an insulative 
5 substrate (11), having a gate electrode (12G) 

formed thereon, a gate-insutating film (13), an 
i-type semiconductor layer (14), and an n-type 
semiconductor iayer (15) in this order; 

a second step of forming an electrode- 
10 forming film (16) on said n-type semiconductor 

layer; 

a third step of patterning said electrode- 
forming film, thus forming a source electrode 
(16S) and a drain electrode (16D) which are 

is spaced apart and located at opposing sides of 

a channel region; and 

a fourth step of anodically oxidizing that 
portion of said n-type semiconductor layer 
which is located in said channel region, there- 

20 by forming an insulative layer electrically iso- 

lating those portions of said n-type semicon- 
ductor layer which are located beneath said 
source electrode and said drain electrode, re- 
spectively. 

25 

6. The method according to claim 5, character- 
ized in that said third step includes a first 
process of forming a transparent conductive 
film to cover at least said source and drain 

30 electrodes forming film, and a second process 

of patterning said transparent conductive film 
to separate at the channel region. 

7. The method according to claim 5, character- 
35 ized in that said second step includes a pro- 
cess of forming a transparent conductive film 
and the electrode forming film in this order, 
and said third step involves patterning said 
transparent conductive film and said electrode- 

40 forming film, thereby forming a conductive lay- 

er substantially identical in shape and size to a 
pixel electrode, and then removing the 
electrode-forming film which is located on the 
transparent conductive film and a part of said 

45 conductive layer. 

8. The method according to claim 5, character- 
ized in that said first step includes a first 
process of forming a contact metal layer (19) 

so on said n-type semiconductor layer, a second 

process of patterning said i-type semiconduc- 
tor layer and said n-type semiconductor layer, 
thereby forming a element region, a third pro- 
cess of forming a transparent conductive film 

55 (18) on said contact metal layer, and a fourth 

step of removing said contact metal layer and 
said transparent conductive film, except for 
those portions which are located on those por- 
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tions of said electrode-forming film which are 
to be processed to form a pixel electrode, said 
source electrode and said drain electrode. 

The method according to claim 5, character- 5 
ized in that said first step includes a process of 
forming a contact metal layer (19) on said re- 
type semiconductor layer, said second step 
involves forming said electrode-forming film on 
said contact metal layer, said third step in- 10 
volves patterning said contact metal layer, thus 
forming two contact metal layers spaced apart 
and located at opposing sides of a channel 
region, and which further comprises a fifth step 
of covering said substrate with a protective film 15 
(17) having an opening (17a) exposing said 
source electrode, and a sixth step of forming a 
pixel electrode (18a) on said protective film, 
extending through the opening of the protec- 
tive film, and electrically connected to said 20 
source electrode. 
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